The effect of technological parameters on the mechanical properties of Magnesium alloy radar shell was studied by orthogonal experiment. On the basis of orthogonal experiment, the effects of pouring temperature, mold temperature and injection speed on the mechanical properties and microstructure of the shell were studied respectively. The results showed that when the pouring temperature was 680 °C, the mold temperature was 200 °C and the injection speed was 3.5 m/s, the mechanical properties and microstructure of the die castings were the best. The best mechanical properties were as follows: tensile strength of 245MPa, elongation at break of 5.48%, Brinell hardness of 79.6HB. Finally, phase analysis of shell samples under the best parameters showed that Magnesium alloy was mainly composed of -Mg matrix and Mg-RE compounds distributed along the grain boundaries. The Mg-RE compounds were Al2RE phase, Al11RE3 phase. 
INTRODUCTION
Magnesium alloys have received more and more attention due to their unique advantages in light weight, specific strength, specific stiffness, thermal conductivity, damping, molding, electromagnetic shielding and recyclability. And magnesium alloys widely used in aviation, military, transportation and 3C fields [1] [2] [3] . Since the radar enclosure occupied an important position in the entire radar system, its quality directly affected the sensitivity of signal detection. The use of rare earth magnesium alloy played a role in weight reduction, while its excellent strength and toughness could well meet the requirements of radar enclosure work.
EXPERIMENTALCONDITIONSAND SOLUTIONS Experimental Conditions
Radar shell was an octagonal complex thin-walled part with a side length of 330mm. The maximum outer diameter of the convex circular table was 720mm, the maximum wall thickness was 5mm, and the minimum wall thickness was 3mm. The surface convex circular table and the ribs were more, and the threedimensional model of the part was showed in Figure1 .
Magnesium alloy radar shell die casting was completed with 3550 tons of large magnesium alloy hot chamber die casting equipment. The XRF-1800 X-ray fluorescence spectrometer was used to quantitatively analyze the elements of the magnesium alloy radar enclosure. The chemical composition was measured as shown in Table I below. The macro-hardness was measured in the model HB-3000B Brinell hardness tester. The tensile properties were measured in the model CMT5105 electronic universal testing machine. The microstructure was observed in the model MR2000 metallographic microscope. Analysis of phase composition in X-ray diffractometer model D/MAX2500V. The scans were taken in a model JSM-6490LV scanning electron microscope and the matched INCA spectrometer was used to qualitatively and quantitatively analyze the components at the corresponding positions. Due to the complex structure of the castings and the inaccurate production process parameters, there were many defects on the surface of the castings, such as insufficient casting, cracks and deformation. The defects mainly occurred at the casting ribs. The influence of the process parameters on the microstructure and properties of the castings was investigated by cutting out the same part of the body samples that were easily produced by casting defects. 
Experimental Program
Orthogonal experiment was used to study the influence of three parameters of casting temperature, mold temperature and shot speed on the mechanical properties of magnesium alloy radar shell die castings. The selection of factors and levels were shown in Table II .
EXPERIMENTALRESULTS AND ANALYSIS

Orthogonal Test Results
Mechanical performance orthogonal test results were shown in Table Ⅲ below. According to the orthogonal test, the mechanical property of scheme 4 was the best, the tensile strength reached 235MPa, and the elongation rate reached5.25%. On the basis of the orthogonal test results, by fixing the two process parameters at the optimal level, the influence of another parameter on the microstructure and performance of the magnesium alloy radar casing was studied. 
Effect of Process Parameters on Microstructure and Performance of Radar Case Die-Casting
POURING TEMPERATURE
Figure2. showed the effect of pouring temperature on the mechanical properties of the shell at a mold temperature of 180°C and an injection speed of 3.5 m/s. When the pouring temperature was 660°C -680°C, the tensile strength, surface hardness and elongation of the specimen were significantly improved with the increase of the pouring temperature. When pouring temperature was higher than 680°C, its mechanical properties all reduced. Analysing the reason, in order to ensure the casting temperature of die casting, with the increase of pouring temperature, the fluidity of the alloy was enhanced, and it was easy to be shaped and could obtain better mechanical properties. However, when the pouring temperature was too high, splashes and burrs were liable to occur, and defects such as shrinkage shrinkage and shrinkage were formed, which reduced the mechanical properties of the casting and deteriorated the quality of the casting.
Figure3. showed the microstructure of radar shell specimens at different pouring temperatures. When the pouring temperature was at 660 °C, the microstructure of the alloy presented more dendrites and the grain size was not uniform. When the temperature was at 680°C, dendrites were significantly reduced, grains became fine, round, and there were no structural defects. When the temperature reached 700°C, the grains became coarse and severe shrinkage occurs. Analyzing the reason, the pouring temperature was too low for filling, so it was easy to produce cold septum, filling dissatisfaction and other defects. When the pouring temperature was too high, splashes and burrs generated easily , and serious defects such as shrinkage holes and loosening were formed in the die casting. This reduced the mechanical properties of the die casting and increased the thermal shock to the die casting [4] .Therefore, considering the comprehensive consideration, the casting temperature most suitable of radar shell die castings was at 680°C. (a) tensile strength; （b）elongation after fracture; （c）hardness
MOLD TEMPERATURE
Figure4 showed the effect of mold temperature on the mechanical properties of the shell at a casting temperature of 680°C and an injection speed of 3.5 m/s. The mold temperature at 180°C-200°C, with increasing mold temperature, tensile strength and elongation was improved significantly, while the hardness was lowered. When the mold temperature was higher than 200°C, all mechanical properties began to decline. Analyzing the reason, the mold temperature directly affected the chilling ability of the mold. When the temperature was low, the die casting surface would be cooled too quickly to form a chilled layer, and the microstructure was a surface fine grained zone, so the hardness was high. When the mold temperature was too high, the chilling effect decreased and the hardness decreased. At the same time, the adhesion between the casting and the mold was increased, and it was difficult to release the mold, which could easily cause a tensile strain on the mold, thereby reducing the mechanical properties of the casting.
Figure5 showed the microstructure of radar shell specimen at different mold temperatures. When the mold temperature was low, the cooling rate was too fast, the surface of the die casting rapidly solidified to form a chilled layer, and the microstructure was a surface fine grained area. When the temperature reached （a）660 °C （b）680 °C （c）700 °C Figure 3 . Effect of pouring temperature on the properties of the shell structure. 200°C., the grains became more uniform, smaller, and rounder.When the mold temperature reached 220°C, the liquid metal cooled down, flattened the temperature gradient, and began to form coarse grain regions [5] . Therefore, comprehensive consideration, radar die casting mold the most suitable temperature was at 200°C.
INJECTION SPEED
Figure6 showed the influence of shot rate on the mechanical properties of the shell at a casting temperature of 680°C and a mold temperature of 200°C. The mechanical properties of the specimens were significantly improved when the shot speed was increased from 3.0 m/s to 3.5 m/s. When the shot speed exceeded 3.5m/s, the mechanical properties of the specimens suddenly decreased. Analysing the reason, the higher injection speed could eliminate a large number of defects such as shrinkage shrinkage pores and pores inside the casting, which could increase the density of the microstructure and improved the mechanical properties. However, when the injection speed was too high, the phenomenon of gas entrainment during the die casting process would be serious, the porosity would be improved, and the mechanical properties of the shell die casting would be reduced.
Figure7 showed the microstructure of the radar shell specimen at different injection speeds. The higher shot rate could increase the density of the tissue, refine the grains, and make the grains evenly round. If the injection speed was too high, the porosity would increase. Therefore, considering comprehensively, the most suitable injection speed of the radar shell die casting was at 3.5m/s.
In summary, when the casting temperature was 680°C, the mold temperature was 200°C, and the injection speed was 3.5m/s, the mechanical properties and organization of the magnesium alloy radar shell die castings were the best. b =245MPa，=5.48%，Hardness is 79.6HB.
Phase Analysis
Figure8 showed the XRD pattern of the radar shell die casting body sample obtained under the optimal parameters. It could be seen that the magnesium alloy consists of three phases, which were Mg phase, Al2RE phase and Al11RE phase. Among them, the Al11RE phase had the smallest peak and its content was lower in the tissue.
Figure9 was a scanning photograph of the body sample at different positions of the radar shell die casting obtained under the optimal parameters.Through energy spectrum analysis, the precipitated phases of the alloy were mainly Al2RE and Al11RE phases. Among them, bright white particles and bright white rods were Al2RE phases, and the bright white needle phase was Al11RE phase [6, 7] .Compared with the results of XRD analysis, it could be seen that the energy spectrum analysis results were consistent with these aluminum rare-earth phases with high melting point, high hardness characteristics. These aluminum rare-earth phases could effectively prevent the grain boundary sliding and crack propagation, greatly improving the mechanical properties of the alloy [8] . 
CONCLUSIONS
(1) When the pouring temperature is 660°C-680°C, with the increase of the pouring temperature, dendrites decrease and the grains became even and round, and all the mechanical properties were improved. When the pouring temperature was higher than 680°C, the grains gradually became coarse and severe shrinkage occurred, and the mechanical properties also decreased. From this, it was concluded that 680°C was the best pouring temperature for radar shell die castings.
(2) When the mold temperature was 180°C -200°C, the temperature of the mold was low, and the surface of the die casting rapidly solidified. So the chilled layer was formed. The microstructure was a fine grained area and the mechanical properties were better. When the mold temperature exceeded 200°C, the chilling effect decreased, the hardness decreased, and the mechanical properties decreased. It was concluded that 200°C was the optimal die temperature for the die casting of radar enclosures.
(3) When the injection speed was 3.0m/s-3.5m/s, with the increase of the injection speed, the shrinkage porosity, porosity and other defects in the casting were greatly reduced, and the density and mechanical properties of the structure were improved. When the injection speed exceeded 3.5 m/s, the gas entrainment during the die casting process was serious. The porosity was increased and the quality of the casting was reduced. It was found that 3.5m/s was the best injection speed of the die casting of the radar housing.
(4) Alloy were mainly composed of -Mg, Al 2 RE and Al 11 RE phases. Among them, bright white particles and bright white rod phase were Al 2 RE, and bright white needle phase was Al 11 RE. The existence of aluminum rare earth phase effectively inhibited grain boundary sliding and cracked propagation, and improved the mechanical properties of the alloy.
